Abstract. We report a theoretical study of the quasiparticle lifetime and the quasiparticle mean free path caused by inelastic electron-electron scattering in ferromagnetic compounds of the Co-Fe and Ni-Fe systems. The study is based on spin-polarized calculations, which are performed within the G 0 W 0 approximation for equiatomic and Co(Ni)-rich compounds, as well as for their constituents. We mainly focus on the spin asymmetry of the quasiparticle properties, which leads to the spin-filtering effect experimentally observed in spin-dependent transport of hot electrons and holes in the systems under study. By comparing with available experimental data on the attenuation length, we estimate the contribution of the inelastic mean free path to this length.
Introduction
Spin-dependent transport of hot electrons and holes in ferromagnetic materials is one of the basic phenomena exploited in constructing spintronic devices. As an example, one can mention spin-valve and magnetic tunnel transistors, which are also used to experimentally study the spin-dependent transport in different many-electron systems [1, 2, 3, 4] . Such a study aims to solve the problem related with controllable search for desirable parameters of constructed devices. From theoretical side, it is important to determine a role played by inelastic electron-electron (e − e) scattering in formation of operating characteristics of the devices. To this end, the finite lifetime caused by the e − e scattering and the corresponding mean free path of electrons and holes should be analyzed as a function of exciting energy.
For pure ferromagnetic metals, a similar analysis of the mentioned quasiparticle properties was made within both semiempirical approaches and ab initio calculations. Some of the calculations were performed within the G 0 W 0 approximation (for a recent review, see, e.g., Ref. [5] ). This approximation is a non-self-consistent variant of the GW approach based on Kohn-Sham states evaluated within the local spin density approximation (LSDA) with or without a Hubbard U correction as a starting point [6] . Also, the calculations were done within the LSDA+DMFT approach [8, 9, 10] , which combines the LSDA and the dynamical mean-field theory (DMFT). This approach contains two parameters (the averaged screened Coulomb interaction U and the exchange interaction J), which are defined outside the scope of the approach and can be taken from experiment or calculated, e.g., within the constrained local density approximation or the constrained random phase approximation (see, e.g., [11, 12, 13] ). In that sense, the GW +DMFT approach [14] can be considered as a parameter free one.
However, in the most cases ferromagnetic alloys Co x Fe 1−x and Ni x Fe 1−x with large x are used in spintronic devices. To all appearance, the first attempt to theoretically study the lifetime and the inelastic mean free path in ferromagnetic alloys and compounds has been made by the authors in [15] . In the work cited, the properties of quasipartilces (electrons and holes) in the ordered (B2) and disordered (body-centered cubic) CoFe have been calculated from first principles within the mentioned G 0 W 0 approximation. Also, the contribution of the localized d states to the above properties has been analyzed by considering the Coulomb interaction screened by only d electrons instead of the fully screened Coulomb interaction.
In the present paper, we proceed with the theoretical study of the properties of quasiparticles in ferromagnetic compounds, as well as in their constituents. In order to be closer to the Co-and Ni-rich ferromagnetic alloys used in practice, among the compounds we consider Co 3 Fe and Ni 3 Fe with the DO 3 and L1 2 structure, respectively. We perform ab initio calculations within the G 0 W 0 approximation with the fully screened Coulomb interaction found in the random phase approximation (RPA). To demonstrate possible effects that structure and stoichiometry changes may have on the quasiparticle properties under study, we additionally consider the ferromagnetic compound NiFe with the L1 0 structure. For completeness of the picture of such an effect, we also analyze the results obtained in [15] for the B2 CoFe.
The paper is organized as follows. In Sec. 2, we briefly describe the scheme that is used to evaluate the spinresolved quasiparticle lifetime and inelastic mean free path within the G 0 W 0 approximation. Also, we put here some calculation details. In Sec. 3, we present our main results of extensive calculations carried out for quasiparticle properties in the mentioned compounds and pure metals. On the base of these results, we analyze how changes in structure and stoichiometry modify quasiparticle properties evaluated from the G 0 W 0 calculations. Finally, the conclusions are given in Sec. 4.
Approximations and calculation details
In this section, to make the paper self-sustained we briefly describe the G 0 W 0 approximation [16] to the quasiparticle self-energy, which is used in the paper. Unless stated otherwise, atomic units are used throughout, i.e., e 2 = h = m = 1.
The G 0 W 0 self-energy of a quasiparticle with the spin σ is defined as
where the convergence factor exp(iηω ′ ) indicates that the integration contour is closed in the upper half-plane of ω ′ . The Green function entering Eq. (1) is defined as [17] 
and corresponds to the Kohn-Sham equation with the exchange-correlation potential V XC σ obtained within the LSDA. In Eq. (2), the positive infinitesimal δ characterizes the way of going around poles in the course of integration. The states {ψ knσ , ǫ knσ } are calculated by the selfconsistent tight-binding linear muffin-tin orbital method [18] with the use of the crystal potential constructed within the atomic-sphere approximation.
The screened Coulomb interaction W 0 participating in the definition of the self-energy (1) is found within the RPA, where the irreducible polarizability P 0 is expressed as
Owing to the translation symmetry, the irreducible polarizability can be expanded into a series [17, 19] 
where {B ki } is a set of basis functions, which satisfy the Bloch theorem and are normalized to unity in the unit cell volume Ω. These basis functions are constructed using pair products of linear muffin-tin orbitals localized at the same lattice site [20] . The irreducible polarizability P 0 ij (k, ω) is derived with the use of the spectral function representation. The corresponding spectral function (5) where f knσ is the Fermi factor, is obtained by substituting the Green function of Eq. (2) into the expression (3) for P 0 and using the expansion (4) along with the relation ImP
In calculations, the δ-function is replaced by the Gaussian exp(−ω 2 /γ 2 )/(γ √ π) with γ = 0.136 eV [21] .
The inverse quasiparticle lifetime or decay rate is defined as τ −1 knσ = 2Z knσ |ImΣ knσ (ǫ knσ )|, where the renormalization factor Z knσ is given by
With the use of the expressions presented above, the imaginary part of the self-energy matrix elements Σ knσ (ω) = ψ knσ |Σ σ (ω)|ψ knσ entering the definition of the quasiparticle decay rate takes the form
where the upper (lower) sign corresponds to the exciting energy ω ≤ E F (ω > E F ) and the sum over occupied (unoccupied) states. Here, E F is the Fermi energy. In Eq. (6), Θ(x) is the step function and W ij are matrix elements of the screened interaction in the {B ki } basis, which are defined by P 0 ij (k, ω) and Coulomb-interaction matrix elements [17] . Having obtained the imaginary part of Σ knσ (ω), the real part of the latter is found from the Hilbert transform.
Both in Eq. (6) and in Eq. (5), the s, p, and d bands are involved in the sums over the band indices. As to the sums over momenta k, a set of points 20 × 20 × 20 is used for the face-and body-centered cubic (fcc and bcc) structures and the B2, L1 2 , and DO 3 structures. For the L1 0 structure with the primitive vectors (−1/2, 1/2, 0), (1/2, 1/2, 0), and (0, 0, 1), we use a set of points 20 × 20 × 12. The quasiparticle lifetimes are calculated at all k-points of these sets, which belong to the irreducible Brillouin zone, what ensures the momentum averaging of the lifetimes to be well converged. The number of optimal product basis functions per atom is 40.
As regards the well-known problem with the slow convergence of ReΣ knσ with respect to the number of unoccupied states and basis functions, it is worth noting that in order to consider G 0 W 0 corrections to the LSDA band structure, a minimal requirement in our case is to involve f band and to increase the number of optimal product basis functions per atom to 115 with the inclusion of core states (see, e.g., [17, 22] ). Since we are interested in the quasiparticle lifetime determined by the self-energy, where W 0 is computed within the RPA instead of, e.g., the plasmonpole model, the mentioned modifications of the calculation parameters make a study of the lifetime in the ferromagnetic compounds hardly realized. At that, as an analysis has shown by the example of Ni, ImΣ knσ and Z knσ converges noticeably faster than ReΣ knσ . At the calculation parameters used in the paper, the imaginary part of the self-energy and the renormalization factor do not differ substantially (within 4 − 7% on average in the considered energy range) from these obtained within the requirement just mentioned. At least, the found differences do not affect the issues, which we discuss below.
In order to estimate the inelastic mean free path (IMFP) of quasiparticles as λ e−e knσ = |v knσ |τ knσ , the quasiparticle velocity v knσ can be evaluated from the expression (see, e.g., Ref. [19] )
where
|ψ knσ , which is treated as an expansion parameter. In the present calculations, for simplicity we neglect the second term in the right hand side of Eq. (7). This leads to the IMFP given by the frequently used formula
It is worth noting that this formula, which, e.g., in [23] has allowed to obtain theoretical results in good agreement with experimental data in the case of beryllium, does not contain the real part of the self-energy matrix elements. On the one hand, this means that many-body effects cannot be taken into account in full measure. But on the other hand, such an IMFP is free of the convergence problem mentioned above and is completely defined by the underlying (LSDA, in our case) band structure. For a pragmatic point of view, the used approximation seems to be a quite accurate and feasible method for predicting the quasiparticle lifetime and the IMFP in ferromagnetic metals and compounds on the same footings. 
Results and discussion
In the present calculations, the cubic lattice parameter a for CoFe (B2) and Co 3 Fe (DO 3 ) is chosen to be equal to 2.856Å [24] and 5.657Å [25] , respectively. The same lattice parameter as for CoFe is used for the bcc Fe and the bcc Co. This parameter is very close both to the equilibrium parameter of pure iron and to the parameter of bcc cobalt films (2.82 ± 0.01Å [26] ) grown on GaAs. Moreover, the parameter a of Co 3 Fe with the bcc-based DO 3 structure is about doubled a of the mentioned bcc Co films. In NiFe (L1 0 ), the parameter a has the value of 3.585Å, which was estimated by linear interpolation between 57.0 and 44.3 at. % Ni in Ni 1−x Fe x fcc alloys [24] . For Ni 3 Fe with the L1 2 structure and for the fcc Ni, the lattice parameter is taken to be equal to 3.552Å [24] . Fig. 1 shows the calculated density of states (DOS) both in the considered ferromagnetic compounds of the Co-Fe system and in the pure metals forming these compounds. The presented curves demonstrate the behavior of the DOS as a function of energy, which corresponds to the LSDA band structure. We plot these curves with the purpose to explore specific features, which already at the stage of analyzing the DOS allow one to qualitatively describe the behavior of the ratio τ ↑ /τ ↓ between the lifetimes of quasiparticles with different spin orientations and how this ratio changes as we move from Fe, to CoFe and Co 3 Fe, and then to Co. Such a description is based on the fact that the DOS directly depends on dispersion of ǫ kn that along with ψ kn determines quasiparticle lifetimes.
Co-Fe system
Due to the bcc-based structure of the considered materials, the DOS has a form that is typical for the bcc transition metals: a profound minimum halves the d-band [27] . Moreover, the DOS in the bcc Fe is similar to that in the bcc Co, where the main effect caused by moving from iron to cobalt is a change in E F due to an additional Exp. [37] electron. As a consequence, the densities of states in Co, CoFe, and Co 3 Fe are very close to each other, especially in the spin-up subsystem. As to the spin-down subsystem, a distinguishing feature of these cobalt-containing materials is the DOS shape in the vicinity (approximately ±1 eV) of the Fermi level. In this sense, an important difference between, e.g., Co 3 Fe and CoFe is that the former has the DOS (predominantly formed by d states) that is higher than that in the latter. This means that in the vicinity of E F the DO 3 Co 3 Fe is more spin polarized than the B2 CoFe. The obtained LSDA band structure is characterized by the local magnetic moments, which are listed for comparison with experimental and other theoretical data in Table 1 . Note that in the case of the DO 3 Co 3 Fe two values of µ Co are presented. It caused by the fact that there are two inequivalent sites for Co atoms in the DO 3 structure. As is seen from the table, in the considered compounds the magnetic moment for Co remains practically unchanged as compared with that in the pure bcc cobalt. At the same time, the magnetic moment for Fe becomes noticeably larger upon moving from the pure bcc iron to the compounds. Such a behavior of µ Co and µ Fe is in agreement with available experimental data.
As noted above, the mentioned changes in filling, width, and shape of d-band should affect the lifetime as a function of exciting energy. In the case of paramagnetic simple, noble, and transition metals, such an influence has been considered in [28, 29, 30] in details. In the present work, we can additionally analyze the ratio τ ↑ /τ ↓ . Actually, as is seen from Fig. 1 , in the vicinity of E F (especially for positive exciting energies) the density of spin-up states is considerably smaller than the density of spin-down states. As a result, we can expect that, at least in this energy rage, the ratio τ ↑ /τ ↓ will be substantially greater than unity. An exception is constituted by the bcc iron that should be characterized by the above ratio being smaller than unity.
The results of our calculations of the quasiparticle properties in the B2 CoFe are shown in Fig. 2 . In this figure, we demonstrate both momentum-resolved and momentumaveraged lifetime and renormalization factor for spin-up and spin-down quasiparticles. In order to clearly represent the exciting-energy dependence of the quasiparticle lifetime, the so-called scaled lifetime (that is the lifetime multiplied by squared exciting energy) is shown. Analyzing the data presented in Fig. 2 , we would like to note the significant difference between the lifetime of electrons with spin up and spin down. Such a difference is one of the main reason of appearing the so-called spin-filtering effect that is observed in spin-dependent transport of electrons in ferromagnetic materials [3, 5] . The lifetime of holes (especially with spin down) depends strongly on the mo-mentum k at a given exciting energy. It follows from the observed spread in values of τ knσ at ǫ knσ < E F .
As regards the renormalization factor characterizing the spectral weight of quasiparticles, like the densities of states for corresponding spin subsystems the factors Z kn↑ and Z kn↓ as functions of exciting energy are quite similar, in many respects, but with some shift on energy scale, which is determined by the exchange splitting of the bands. For both spins, there is a "depression" in the energy range that corresponds to the dominant contribution of the localized d states to the total DOS. This means that many-body effects have the most impact on these states (see, e.g., Ref. [38] ). In the energy range from ∼0 to ∼3 eV, where a comparatively high density of spin-down states corresponds to a low density of spin-up states, one observes the largest difference between Z kn↑ and Z kn↓ . At higher energies, the renormalization factor of electrons depends weakly on spin. Fig. 3 shows our results on the quasiparticle lifetime and renormalization factor in the case of the ferromagnetic compound Co 3 Fe with the DO 3 structure. As a whole, for electrons the scaled lifetime (momentum-averaged and momentum-resolved) differs slightly from that in the B2 CoFe, whereas for holes in the exciting-energy range from 0 to -3 eV the quantity under consideration demonstrates noticeably smaller values and substantially weaker dependence on the momentum k at a given exciting energy. At that, in the vicinity of the Fermi energy, the scaled lifetime of spin-up holes is longer than that of spin-down holes practically to the same extent as the scaled lifetime of spin-up and spin-down electrons.
Upon moving from the B2 CoFe to the DO 3 Co 3 Fe, the renormalization factor undergoes a visible change in momentum dependence at a given energy (especially at E F ) and, being momentum-averaged, in dependence on exciting energy. At that, the mentioned correlation between values of the renormalization factor and the d-states contribution to the DOS remains evident as before. Note that in this case Z kn↓ has a profound minimum at the Fermi level. This minimum is caused by a quite narrow and high peak located practically at E F in the density of d states. The factor Z kn↑ demonstrates a similar minimum at about −1.5 eV, which is also correlated with a peak in the density of d states (see Fig. 1) .
In order to demonstrate what effect the changes in structure and stoichiometry have on the lifetime of quasiparticle in the considered ferromagnetic materials, we show all the obtained results on the Co-Fe system in Fig. 4 . As is evident from the figure (see the upper panel), the lifetime of spin-up electrons in the compounds is longer than that in their constituents. Spin-down electrons have the longest lifetime in the bcc iron practically in the whole considered energy range. For holes, the longest lifetimes are observed in the B2 CoFe in both spin subsystems. Note the closeness of the hole lifetimes in the DO 3 Co 3 Fe and in the bcc cobalt. In fact, in all the cases, we deal with a spin asymmetry of the quasiparticle properties, which can be represented by the already mentioned ratio of the lifetimes of spin-up and spin-down quasiparti- e−e knσ on exciting energy. The experimental data on the attenuation length for spin-up and spin-down electrons in Co84Fe16 are taken from [3] cles. A deviation of the ratio from unity reveals the spin asymmetry of the considered quantity. In Fig. 4 , we also plot the ratio τ ↑ /τ ↓ between the spin-up and spin-down momentum-averaged lifetimes (see the lower panel). One can see that the expected values qualitatively estimated from the shape of the DOS in the vicinity of the Fermi level are confirmed by the results presented in the figure. Actually, in the exciting-energy range from 0 to ∼0.7 eV the ratio τ ↑ /τ ↓ amounts to 8 for the B2 CoFe and exceeds 12 for the DO 3 Co 3 Fe and the bcc cobalt. For the bcc iron, the ratio varies from ∼0.2 to ∼0.8 in the above energy range and only starting from ∼1.2 eV becomes greater than unity. However, for holes in Fe the inverse ratio τ ↓ /τ ↑ depends weakly on energy and comes to ∼2 (see the inset in the lower panel of Fig. 4) . It is worth noting that in contrast to the bcc iron and the bcc cobalt the considered ferromagnetic compounds are characterized by the ratio τ ↑ /τ ↓ , which over the wide energy range (from ∼ 1 to 5 eV) is large (about six) and varies slightly with exciting energy. For electrons with energies less than ∼ 1 eV, the DO 3 Co 3 Fe provides the largest τ ↑ /τ ↓ .
As regards the IMFP expressed as the product of the lifetime and the quasiparticle velocity, an analysis has shown (see, e.g., Ref. [15] ) that a noticeable difference between spin-up-electron and spin-down-electron velocities increases the revealed significant difference between the lifetime of electrons with spin up and spin down. This means that for the ferromagnetic materials under study the calculations within the G 0 W 0 approximation predict a strong spin-filtering effect, which manifests itself in a giant spin asymmetry of the IMFP as is clearly seen from Fig. 5 . However, the experimental data (also presented in Fig. 5 ) on the spin-dependent transport of electrons in Co 84 Fe 16 films on the GaAs(001) surface [3] indicate that the mentioned effect is not so strong. At that, the calculated momentum-averaged IMFP for spin-down electrons in the compounds and in the bcc cobalt is quite close to the corresponding attenuation length and nicely reproduces the weak energy-dependence of the latter, while the difference between the experimentally observed attenuation length and the calculated IMFP for spin-up electrons is substantial.
To analyze the discrepancy between the theoretical and experimental data, first, we should note that the IMFP calculated within the G 0 W 0 approximation does not include the contribution of the decay channels caused by spin fluctuations. As was shown in [39, 40, 41] for paramagnetic and ferromagnetic materials, taking these fluctuations into consideration leads to a decrease in the quasiparticle lifetime and, as a consequence, in the IMFP λ e−e σ . At that, λ e−e ↑ appears to be most sensitive (see, e.g., Ref. [39] ). Next, following [3] we represent the measured attenuation length as a result of the sum of two terms: 1/λ
, where, in addition to the inelastic electronelectron scattering contribution (the calculated λ e−e σ ), there is a contribution that includes the terms coming from quasielastic scattering by phonons and spin waves and from elastic electron scattering by defects and impurities. The latter depends on type of defects and their number and represents the term, of which contribution to the spin asymmetry of the attenuation length is expected to be minimal (see, e.g., Ref. [42] ). The contribution of electronmagnon scattering is known to be significant for spin-down electrons (see, e.g., [43] ). The term caused by electronphonon scattering, has an effect on both spin-down and spin-up electrons. The dependence of this term on exciting energy is almost completely determined by the electron velocity. This means that the corresponding decay rate is nearly constant. To illustrate how the inclusion of a contribution caused by a decay process weakly depen- as Γ ↑ /v ↑ with Γ ↑ = 50 meV. In the order of magnitude, this Γ ↑ is close, e.g., to the electron-phonon broadening observed for spectral lines in different metals (see, e.g., [44] ). The obtained results are presented in Fig. 5 . In the case of the bcc cobalt, we have the least difference between the experimental and theoretical data. To this, the behavior of the attenuation length as a function of exciting energy is nicely reproduced. Thus, in order to reach a satisfactory agreement with the experimental data, at least the electron-phonon broadening should be included.
Ni-Fe system
In Fig. 6 , we show the results of the DOS calculations for two compounds of the Ni-Fe system and the pure fcc nickel within the LSDA. The fcc nickel and the compounds have the density of spin-up states with the continuous d-band that is peculiar for fcc-based structures. At that the Fermi level is situated quite close to the edge of the d-band. The density of spin-down states possesses the fcc-type dband in the case of fcc nickel only, where the Fermi level corresponding to a peak at the edge of the d-band makes this ferromagnetic metal to be highly spin polarized. The compounds NiFe and Ni 3 Fe demonstrate the DOS with the minimum at E F , which is rather close to the ordinary half-filled bcc d-band (especially in the L1 0 NiFe case). This means that at least in the vicinity of E F the fcc nickel should demonstrate a quite large ratio τ ↑ /τ ↓ as compared with the compounds.
The found local magnetic moments are presented in Table 2 . As is evident from the table, again, as in the case of the Co-Fe system, in compounds the magnetic moment for Fe becomes larger than in pure iron. At that, the largest moment µ Fe is observed in the L1 2 Ni 3 Fe. As to Ni atoms, with good agreement with experimental data the magnetic moment for Ni remains unchanged upon moving from the fcc nickel to the compounds. Now, we turn to the analysis of the lifetime and the renormalization factor in the ferromagnetic compounds of the Ni-Fe system. In Fig. 7 , we demonstrate both momentumresolved and momentum-averaged lifetime (or, more precisely, the scaled one) and the renormalization factor for spin-up and spin-down quasiparticles in the L1 0 NiFe. The main feature we would like to point out is a spread in values of the scaled lifetime at a given exciting energy in the energy rage ±2 eV, what we did not observe in the Co-Fe system. Also, it is easily seen that the scaled lifetime of spin-down quasiparticles is quite symmetric with respect to zero exciting energy. In addition to the spread of values, the difference between the lifetimes of spin-up and spindown electrons is not so large as, e.g., in the B2 CoFe. The same one can say about spin-up and spin-down holes. In the energy range from −1 to −3.5 eV, the lifetime of spin-up holes is very close to that of spin-down holes.
As regards the renormalization factor, for spin-up quasiparticles this quantity averaged over k is closely approximated to that in the B2 CoFe, apart, maybe, from more smooth behavior as a function of exciting energy due to the continuous d-band. For spin-down quasiparticles, the momentum-averaged Z kn↓ has two depressions (symmetric with respect to the Fermi level) owing to the profound minimum in the d-band at E F , which separates predominantly iron states (above E F ) and predominantly nickel states (under E F ). This separation means that in the spindown subsystem for electrons the probability to be in iron d states exceeds that to be in nickel d states, while for holes -vice verse.
The obtained results on τ knσ and Z knσ in the L1 2 Ni 3 Fe are shown in Fig. 7 . The presented data denote that as the nickel content increases the spread in values of τ knσ at a given exciting energy and different momenta tends to be narrowed. Around the Fermi level, on average the lifetime of spin-up and spin-down quasiparticles becomes shorter. In addition to this, for holes in the energy range from −1.5 to −3.5 the momentum-averaged lifetime does not show any noticeable dependence on spin. For electrons, the difference between the momentum-averaged τ kn↑ and τ kn↓ is rather close to that in the compounds of the Co-Fe system than to the difference in the L1 0 NiFe.
As can be expected from the DOS shape, the renormalization factor Z kn↑ does not undergo visible changes upon moving from the L1 0 NiFe to the L1 2 Ni 3 Fe. In the spin-down subsystem, substantial changes take place in the DOS at (E − E F ) > E F : the part of the d-band ly- ing right above E F has narrowed and the corresponding DOS has become higher. This DOS is characterized by the comparable contributions of Fe and Ni. At that, under E F spin-down nickel states dominate. As a consequence, the momentum-averaged factor Z kn↓ has changed its behavior around E F (approximately ±1.5 eV), where now there is a wide minimum.
In Fig. 9 , we show all our results obtained for the NiFe system. As is seen from the figure (see upper panel) , like in the Co-Fe system the lifetime of spin-up electrons in the compounds is longer than that in the bcc Fe and the fcc Ni. As to the lifetime of spin-down electrons in the compounds, it demonstrates a cross between Fe and Ni. At that, due to the aforementioned dominant contribution of iron states to the DOS in the spin-down subsystem of the L1 0 NiFe, τ kn↓ in the latter is closer to that in Fe. High atomic content of nickel in the L1 2 Ni 3 Fe results in the lifetime τ kn↓ , whcih tends to be closer to that in the fcc nickel. Note that in the latter spin-up and spindown holes have practically the same lifetimes (except for a small vicinity of E F ). At exciting energies less than −1 eV, the corresponding lifetimes of holes in the compounds are quite similar.
In order to analyze the spin asymmetry, in Fig. 9 (lower panel) we also represent the ratio τ ↑ /τ ↓ . Again, as in the case of the Co-Fe system, the shown data correlate with the DOS shape and spin polarization in the vicinity of the Fermi level. As is follows from the figure, the largest ratio corresponds to the fcc nickel, which has the highest density of spin-down states at E F . The ratio in Ni decreases from ∼ 13 to ∼ 8 away from the Fermi level to (E − E F ) ≈ 0.6 eV and becomes smaller than τ ↑ /τ ↓ in the compounds after (E − E F ) ≈ 1.3 eV. On average, for electrons the L1 2 Ni 3 Fe demonstrates the ratio about 5 against 4 in the case of the L1 0 NiFe. The inset of the lower panel of Fig. 9 shows the inverse lifetime τ ↓ /τ ↑ . The presented curves reflect the situation with the lifetimes of holes, which can be considered as a gradual transition from the bcc iron to the fcc nickel. Now, we analyze the IMFP of quasiparticles in the ferromagnetic materials considered in this subsection. Fig. 10 shows the obtained results on the IMFP of electrons as a function of exciting energy in comparison with the experimental data on the attenuation length taken from [3] , where the spin-dependent transport of electrons in Ni 81 Fe 19 films on the GaAs(001) surface has been studied. As is clearly seen, among the materials considered here the compound Ni 3 Fe with the L1 2 structure is characterized by the largest IMFP of spin-up electrons. As to the IMFP of spin-down electrons in this compound, it appears to be the smallest at (E − E F ) < 1.3 eV and very close to the momentum-averaged λ e−e kn↓ in the bcc Fe and the L1 0 NiFe at (E − E F ) > 2.0 eV. Note that in the fcc Ni and Ni 3 Fe with L1 2 structure the IMFP of spindown electrons is almost independent of exciting energy. Such a behavior of the IMFP as a function of energy is in agreement with the experimental data. Moreover, the calculated values are quite close to the experimental ones. However, our G 0 W 0 calculations overestimate the attenuation length of spin-up electrons.
As well as in the case of the Co-Fe system, there is a big spin-filtering effect that is not so strong as, e.g., in the DO 3 Co 3 Fe but nevertheless disagrees with the experimental observation. As before, we approximate the inverse value of the attenuation length of spin-up electrons in the L1 2 Ni 3 Fe as 1/λ e−e ↑ + Γ ↑ /v ↑ but with Γ ↑ = 25 meV. The on the exciting energy. The experimental data on the attenuation length for spin-up and spin-down electrons in Ni81Fe19 are taken from [3] obtained results are presented in Fig. 10 . We thus have achieved an agreement with the experimental attenuation length decreasing monotonically with increasing exciting energy. This means that some contribution that depends weakly on energy (similar to the electron-phonon broadening) should be taken into account.
Conclusions
In conclusion, we have presented the spin-polarized G 0 W 0 calculations of the quasiparticle lifetime and the quasipar-ticle mean free path caused by inelastic electron-electron scattering in ferromagnetic pure metals and compounds of the Co-Fe and Ni-Fe systems. Among the compounds, we have considered CoFe and NiFe with the B2 and L1 0 structure, respectively. To be closer to the Co-and Ni-rich ferromagnetic alloys used in practice, we have also studied the DO 3 Co 3 Fe and the L1 2 Ni 3 Fe compounds. Such a set of ferromagnetic materials has allowed us to demonstrate effects that structure and stoichiometry changes have on the quasiparticle properties under study.
We have found the significant difference between the lifetime of electrons with spin up and spin down, which is caused by the band-structure characteristic feature of the considered ferromagnetic metals and compounds. In the DOS, this feature manifests itself as the difference between the densities of spin-up and spin-down states in the vicinity of the Fermi energy due to the exchange splitting of the energy bands. We have represented the resulting spin asymmetry of the lifetime by the ratio τ ↑ /τ ↓ of the lifetimes of spin-up and spin-down electrons. We have revealed that in the compounds the ratio can be noticeably larger than that in their constituents. At that, owing to the originally large ratio for electrons in the bcc Co as compared with the fcc Ni, the compounds of the Co-Fe system demonstrate τ ↑ /τ ↓ that on average is larger than the ratio for electrons in the compounds of the Ni-Fe system. On the whole, with respect to the lifetime spin asymmetry the Co-and Ni-rich compounds are preferable.
In order to estimate the contribution of the inelastic electron-electron scattering to the spin-filtering effect experimentally observed in spin-dependent transport of electrons in the systems under study, we have analyzed the inelastic mean free path of spin-up and spin-down electrons as a function of exciting energy. We have shown that the mean free path expressed as the product of the lifetime and the quasiparticle velocity inherits the lifetime spin asymmetry increased by the noticeable difference between spin-up-and spin-down-electron velocities. As it follows from our calculations, practically within the whole positive exciting-energy range considered in the paper the compounds of the Co-Fe system possess the longest inelastic mean free path of spin-up electrons in comparison with the compounds of the Ni-Fe system. At that, the inelastic mean free paths of spin-down electrons are quite similar for both systems. However, this finding disagrees with the available experimental observations. The reason underlying such a discrepancy can relate to decaying mechanisms additional to the inelastic electron-electron scattering. Actually, both in the Co-Fe system and in the Ni-Fe one, we have unambiguously shown that in order to reach a satisfactory agreement with the available experimental data on the attenuation length a contribution to the quasiparticle decay rate, which depends weakly on exciting energy, should be taken into account in addition to the contribution coming from the inelastic electron-electron scattering. We believe that the electron-phonon broadening contributes significantly to the attenuation length. In order to clear up this point, spin-polarized calculations of the electron-phonon broadening in the considered ferromagnetic compounds should be performed.
